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adults using a cinematographic motion-analysis system. Their data provide insight regarding the general organization of movement of the body during rising to a standing position. Jeng et a12 have demonstrated that subjects can perform this task in a similar manner under controlled conditions similar to those of the study of Nuzik et al.1
A number of other investigators have documented characteristics of specific components of motion as individuals rise from a chair. Jones and colleagues" have investigated the trajectory of the head in space under a variety of conditions, and they have identified the importance of what they termed head "balance" in determining the total head movement trajectory during rising. Fleckenstein et al6 have demonstrated the influence of available knee range of motion on hip torque. Rodosky et a17 used a SelspoP optoelectronic system* to investigate rising from a chair in 10 healthy individuals. These investigators described lower-body motions and torques (three body segments) as individuals rose to an upright position from chairs with seat heights varied in relation to the height of the participants' knee. Data from this investigation demonstrated that chair height is a significant factor in determining the maximum achieved angles of lower body segments, the excursion of body segments, and the torque developed in the lower extremity joints (hip, knee, and ankle). Pai and Rogers8 have characterized the control of center of mass (Cow of the body as a function of speed of rising.
Each of these previous studies provides some insight into selected components of the activity of rising from a chair. None of the studies, however, provided a complete static and dynamic total-body analysis. Simultaneous analysis of forces and motions of the upper and lower body segments is necessary before the dynamics of rising can be interpreted completely. Furthermore, in many studies of the mechanics of rising from a chair,"lO investigators have allowed subjects to rise under uncontrolled conditions. It is becoming increasingly evident that it is critical to control the initial position of subjects who are rising from a chair before comparisons can be made within o r across subjects.7fiJlJ2 Whether quantification of rising to a standing position is to be used as a functional task for clinical documentation of patients' status or for experimental analysis of patients, it is evident that the task should be carried out under controlled conditions.
The advent of systems using computerized stereography, such as the TRACKO+ computer programs accepting position data from SelspoP cameras,l3 has made it possible to perform detailed total-body motion analysis with precision. The work of Rodosky et a17 exemplifies a first attempt to use a detailed mechanical analysis to characterize rising from a chair, as performed by a small sample of healthy individuals. These investigators, however, camed out only a lower-body analysis of the movement and therefore could not draw conclusions regarding the total-body mechanics of rising. Thus, they were unable to analyze the role of the upper body on rising to a standing position, but rather were limited to a unilateral, two-dimensional depiction of the lower extremity in flexion and extension.
The purpose of this preliminary descriptive study was to characterize the dynamic events that occur as individuals rise from a sitting position to a standing position. Our specific aim was to characterize the mechanically distinct phases that occur during this functional activity. The SelspoP/ TRACK@ optoelectronic motionanalysis system was chosen to study nine healthy, young individuals as they stood from a sitting position under highly controlled conditions. We examined the maximum values achieved and the timing of maximum joint angles, velocities, and torques of specific upper and lower body segments. These events are referred to as key events in the remainder of this article.
Total-body mechanical analysis provides clinical insight regarding implications of different strategies that physical therapists teach patients to use when rising from a chair. By characterizing rising under highly controlled conditions, it will be possible to determine the effect of normal aging or of specific pathologies on the mechanics of rising. It will also be possible to extend the work of previous investigators7J2 in identifying the total-body effect of altering various initial conditions of rising such as chair height, speed of rising, and initial foot placement.
Method

Subjects
Nine healthy women participated in this study. The subjects' ages ranged from 25 to 36 years 6 = 28.9, SD = 3.4), their height ranged from 152.4 to 175.3 cm 6 = 161.0, SD = 8.9), and their weight ranged from 47.6 to 65.8 kg 6 = 55.3, SD = 5.3). None of the participants reported prior musculoskeletal or neuromuscular disease o r injury. All subjects signed an informed consent statement prior to participating in this study.
Instrumen&tlon and Data Acgulsltlon
Instrumentation included four SelspoP I1 optoelectronic cameras* ; light-emitting diodes (LEDs); two Kistlee piezoelectric force platforms*; TRACK0 softwarel3; a PDP 11/60 minicomputer5; a Vaxstation I1 work stations; and an armless, backless chair of adjustable height. Multiple LEDs were embedded in fixed arrays, which were then anchored to 11 bodv were a f i e d bilaterally to the subject's feet, shanks, thighs. ~elvis, trunk, and F that the SelspoP I/TRACKa optoelectronic system yielded displacement measurements accurate to + 1 mm and rotatron measurements accurate to within 1 degree. Testing of the SelspoP II/TRACKa optoelectronic system at the MGH Biomotion Laboratory (Boston, Mass) l4 verified that this system achieves at least the same accuracy.
In this study, the SelspoP I1 cameras sampled the subjects' whole-body movements at a rate of 153 frames per second. Joint flexion angles were calculated by the TRACKo from the long axis of adjoining body segments. Joint angles were computed using Cardan angles, as described by Tupling and Pierrynowski.li Net joint torques were calculated using NEWTONO software, developed by Antonsson.16 The CoM of the body taken as a whole was computed from contributions of each of the separate body segments, and the centers of pressure were computed from the force-pla~ form data. I'
In this article, only the flexion and extension angles for the ankle, knee, hip, trunk, and head are reported. The posi1:ion of the trunk was computed relative to the pelvis, and the position of the head was computed in relation to the trunk. Additionally, the absolute positions of the head and trunk were computed relative to the ground. Velocities for each of these body segments were computed by determining the rate of change with respect to time of the angle of the 
Procedure
Participants were seated on the seat of an armless, backless chair, which was adjusted to 80% of each subject's knee height, as determined by measuring from the floor to the anatomical joint line with the shank vertical. Participants were instructed to fold their arms across the chest and to rise without bringing their arms forward. Thus, use of the arms did not contribute to the upper-body momentum. The participants were positioned with one foot on each force plate, with their feet parallel, 10.16 cm (4 in) apart, and flat on the floor. The subjects were positioned in 18 degrees of ankle dorsiflexion, as determined by the angle of the shank with the vertical plane, and with their knees pointed straight ahead and their hips in neutral abduction and rotation. The participants' buttocks were on the chair seat, and their thighs were unsupported. The initial head and trunk orientations were not controlled. Participants were instructed to rise in time with the beat of a metronome, which was set at 52 beats per minute, requiring them to rise in 1.2 seconds. The principal investigator (MS) initiated the task with the command "ready, set, start, stand," which Physical 'TherapyAi'olume 70, Number 10/0ctober 1990 was given in time with the metronome. Participants were instructed to begin rising at the word "start" and to become fully erect at the word "stand." Participants practiced the task several times prior to actual data collection until visually their performance appeared to the investigators to be executed smoothly and in the proper time frame. Data were collected for two trials for each subject.
The time of key events was referenced to the time at which the buttocks fist began to leave the chair seat (T = 0). This event, which we have termed l i~%~f l was identified as the point at which the force vector of the participant first began to increase in a weight-bearing direction (Fig. 4) . Lift-off was a clearly defined, discrete event that could be reliably identified by the investigators within three frames (ie, within 20 msec). By comparison, the start of the chair-rise motion was difficult to precisely define. The start of the rising motion, therefore, was indicated as occurring prior to lift-off. The average values of the two trials were used for all data analyses. Data for specific key events were excluded from the analysis when two acceptable trials were not available. Frequency of occurrence of key events was used to describe the degree of variation that occurred during each phase of rising. Right-and left-side comparisons were made using a Student's t test. Unpublished research in our laboratoly conducted on 18 similar subjects (Schenkrnan M, Jeng S-F, Ikeda ER, et al; manuscript in preparation) indicated that we could obtain acceptable reliability for our measurements.
Phases of Rlslng from a Chalr
Based on an analysis of the data obtained, we divided rising from a chair into four phases (Fig. 4) , marked by four events. The first phase, designated the flexonmomentum phase (phase I), began with initiation of the movement and ended just before the buttocks were lifted from the seat of the chair (liftoff). Momentum is the product of mass ancl velocity and is related to the kinetic energy of the system. During phase I, the trunk and pelvis rotated anteriorly (toward flexion), generating upper-body momentum. The subject's femurs, shanks, and feet remained stationaqf.
The second phase, designated the momentum-transfer phase (phase 11), began as the buttocks were lifted from the seat of the chair and ended when maximum ankle dorsiflexion was achieved. (Timing of maximum ankle dorsiflexion was the same for the right and left ankles.) Momentum transfer occurred when the momentum of the upper body developed in the flexion-momentum phase was transferred to the total body and contributed to total-body upward and anterior movement. During phase 11, the CoM traveled anteriorly and upward. The whole-body CoM reached its maximal anterior point shortly aFter maximum dorsiflexion occurred (Fig. 3) .
The third phase was designated the at-on phase (phase III). Phase I11 was initiated just after maximal ankle dorsiflexion and was completed when the hip first ceased to extend. Usually, ion and extension as stabilization is achieved (Fig. 2 ). As shown in Figure  2 , there was a prolonged period of deceleration as the hip reached the end of extension. The point at which hip extension was completed was difficult to identrfy accurately using the plot of the hip angle. We therefore used the angular velocity of hip motion to define the end of phase 111. Full extension corresponded to the point at which hip angular velocity first reached OO/sec. During phase 111, the knee-extension and head-flexion motions were also coming to an end.
The fourth phase of rising from a chair was designated the stabilization phase (phase IV). Phase IV began just after the hipextension velocity reached OO/sec and continued until all motion associated with stabilization from rising was completed. The end point of phase IV was not easily defined because the subjects in this study noimally experience some anterior-posterior and lateral sway during quiet stance. We therefore did not specifically analyze phase IV in this study. For the purposes of this article and for calculations we have considered only phases I, 11, and 111.
For the nine subjects who participated in this study, the mean time to complete the task of rising from a chair with metronome timing of 52 beats per minute was 1.95 seconds (SD = 0.03). The mean time to complete each phase was as follows: flexionmomentum phase, 0.50 second (SD = 0.08); momentum-transfer phase, 0.33 second (SD = 0.08); and extension phase, 0.98 second (SD = 0.20). The momentum-transfer phase constituted the shortest of the first three phases of rising to a standing position at 18% of the time required to complete the first three phases. The flexionmomentum and extension phases occupied 28% and 54%, respectively, of the time required to complete the first three phases.
Phase I-FIexIon Momentum
The primary event in the flexionmomentum phase of rising was the trunk and pelvis rotation forward into flexion. For seven of the nine subjects, the trunk flexed on the pelvis an average of 16 degrees and reached a point of maximum flexion relative to the pelvis during this phase (Fig. 5 ). For two subjects, there was no trunk motion relative to the pelvis; that is, the trunk and pelvis moved into flexion together. Characteristic timing of events for the subjects is depicted in Figure 6 .
Because of the relationship between angular momentum and angular velocity, maximum angular velocity can be used to determine maximum angular momentum and thus to identify aspects of the propulsion phases during a movement. Maximum trunkflexion angular velocity, hip-flexion angular velocity, and head-extension angular velocity were reached during the flexion-momentum phase ( Fig. 7 ) and occurred almost simultaneously, s Maximum .
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with a difference of only 0.02 second between the means for the three events. Maximum head-extension velocity showed the greatest variability, both in timing and in order of occurrence.
Phase 11-Momentum Transfer
Time (sec) PHASE l The momentum-transfer phase began when the buttocks lifted off from the chair and was completed on attainment of the maximally forward-flexed position (Fig. 6 ). In this phase, maximum ankle dorsiflexion, trunk flexion, hip flexion, and head extension were reached. There was almost no difference between right and left sides for maximum hip flexion, maximum ankle dorsiflexion, and total knee extension (Table) . Differences In the momentum-transfer phase, the order of events was invariant for eight of the nine subjects. The sequence of events for these eight subjects was maximum hip flexion, maximum trunk flexion, maximum head extension, and finally maximum ankle dorsiflexion. For one subject, maximum head extension was achieved after the completion of phase 11. hip torqlue; the right-side maximum knee torque was 94% of the left-side maximum knee torque. These differences were not statistically significant (P > .05'). Maximum hip torque was achieved at a mean of 0.1 1 second (SD = 0.05) after lift-off; maximum knee torque was achieved at a mean of 0.13 second (SD = 0.04) after liftoff. The difference in hip and knee timing was clinically negligible (0.02 second). The time at which maximum hip and knee torques were achieved coincided with the time at which the participants were first fully weightbearing and while the hip and knee were still near maximum flexion. A transition from the flexion motion to extension motion occurred as the body displacement shifted from primarily an anterior direction early in this phase to an anterior and vertical direction later in the phase (Fig. 3) . In the early portion of the momentumtransfer phase, flexion velocities of the trunk and hip were already decreasing, as was extension velocity of the head. These velocities reached oO/sec during the second half of this phase, and the transition to vertical displacement (extension) was initiated. Therefore, the extension velocities of the trunk, hip, and knee and the flexion velocity of the head began to increase during phase 11, although they generally did not reach their maximum values during this phase.
TIME (sec)
-* Finally, a transition occurred from dynamic to quasi-static stability during this phase. At the beginning of the
momentum-transfer phase of rising, the vertical projection of the CoM of the body was posterior to the CoF (Fig. 3) , satisfying the criteria for dynamic stability.18 At the conclusion of this phase, the vertical projection of the CoM of the body moved close to the CoF, satisfying the criteria for quasi-static stability.18
Phase iil-Extension
The beginning of the extension phase was defined by the attainment of maximum ankle dorsiflexion. The completion of phase I11 was demarcated by the time at which hip-extension velocity reached OO/sec (Fig. 2) . In eight subjects, the knee-extension velocity also reached OO/sec during the extension phase of rising. In one subject, knee extension was completed 0.06 second after hip extension was completed. Head flexion was the most variable of the three body segments that we analyzed during the extension phase of rising. For six subjects, the head-flexion velocity did not reach OO/sec during this phase. However, for the three subjects who completed head-flexion motion during phase III, this was the first event to occur. The most common pattern of events was that initial knee extension was completed during the extension phase of rising and initial head flexion was completed after the extension phase was over. The second most common pattern of events was that headflexion velocity reached OO/sec, then knee-extension velocity reached OO/sec, and finally hip-extension velocity reached OO/sec, completing phase I11 of rising.
In the extension phase of rising, maximum hip, trunk-, and knee-extension velocities and maximum head-flexion velocity were reached (Fig. 7) . Elapsed time between the first and last events was 0.13 second. In phase 111 of rising, there was more variability in the order in which events occurred than in phase I. The time at which maximum head extension occurred showed the greatest variability. 
Phases
Four kinematically distinct phases were identified during rising from a sitting position to a standing position under the conditions of this study. Based on the analyses we have carried out, we hypothesize that a momentum-transfer strategy is used as healthy individuals rise from a sitting position to a standing position under the conditions of this study. The flexion-momentum phase is characterized by the generation of upper-body momentum while the subject remains seated; the total body is therefore inherently stable. This process can perhaps be best appreciated if the reader moves the upper body rapidly forward into flexion and then suddenly terminates the active forward motion. The initial forward movement generates momentum, which will continue to bring the body forward. This momentum is a function of the mass of the upper body and the velocity with which it moves. The total body remains inherently stable in as much as it neither topples forward nor t o p ples backward off the seat of the chair when motion is suddenly ceased. This situation can occur because the vertical projection of the CoM of the body remains over the base of support (buttocks on chair seat and feet on floor) while momentum is being generated.
The momentum-transfer phase is mechanically distinguishable from the flexion-momentum phase from several perspectives. First, during this phase the projection of the CoM of the body is moved from the initial base of support to the new base of support (feet on floor). Thus, the CoM of the body is moved anteriorly (and upward), and the area of support is greatly reduced during this phase.
A second mechanical distinction between phases I and I1 relates to the stability of the body. At initiation of phase 11, the body begins to rely on dynamic stability. Dynamic stability is essential because the vertical projection of the CoM of the body is far from the CoF. Position and velocity of the CoM must be well-coordinated prior to the momentum-transfer phase so that dynamic stability is maintained.18 The concept of dynamic stability can be experienced if the reader attempts to suddenly terminate the task of rising from a sitting position to a standing position just after lift-off of the buttocks from the chair seat. Phase I1 is a transition phase in that it begins with dynamic stability of the body and ends with a position approaching quasi-static stability (vertical projection of the CoM close to the CoF).
The third kinematic issue is that during phase 11, momentum appears to be transferred from the upper body to the total body, hence the designation "momentum-transfer phase." Momentum transfer, and its importance, can be understood by comparing two dzerent strategies for rising from a sitting position to a standing position. In the first strategy (illustrated in this study), the velocity, and therefore the momentum, developed in the upper body prior to lift-off is harnessed or transferred to the total body. At lift-off, the total body is already moving with some velocity, that is, has momentum. In this strategy, lift-off can take place while the vertical projection of the CoM of the body is posterior to the new CoF (under the feet) such that the body is inherently unstable; the total-body momentum appears to reduce the amount of lower extremity muscle force that would be required had the upper body been at rest at lift-off. In the second strategy, the trunk is first flexed so that its mass is nearly over the feet prior to lift-off. The individual then pushes up to a standing position. Because the CoM of the body is brought over the area of support prior to lift-off, the body remains inherently stable at lift-off. In this example, the body begins to lift from the seat from zero velocity and hence from zero momentum.
The difference between these two strategies can be compared experientially in terms of the apparent effort needed to rise. The first strategy requires less apparent effort than the second strategy. If the task is attempted using these two strategies, it becomes apparent that an individual can use a momentum-transfer strategy only if he or she is also capable of controlling the forward momentum after lift-off. Otherwise, the body would be propelled too far beyond the new base and would fall forward. We are currently further investigating the hypothesis that momentum transfer occurs under the conditions of this study through more detailed analyses of kinetic energy, momentum, CoM, and. CoF profiles (Riley PO, Schenkrnan M, Mann RW, Hodge WA; manuscript in review).
The extension phase of rising is mechanically distinct from both the flexion-momentum and momentumtransfer phases. The major task of this phase is I:O translate the body vertically while in an inherently stable position (CoM over CoF).
In the fint three phases of rising, the task is to translate body segments through space. In the stabilization phase, the task is to terminate translation of th,e body through space (ie, return the body to its normal postural sway). The completion of this phase is difficult to ascertain because there is no easy rnethod of reliably identifying the transition between the postural movements resulting from rising and normal postural sway. We are currently developing criteria for determining the termination of phase IV so that this important phase can be h rther investigated.
Cllnlcal Appllcatlons
clinician,^' understanding of the phases of rising from a chair can help them to focus their observations on postural movements resulting from rising and to d8erentiate those movements from normal postural sway. By observing the characteristic kinematics used to accomplish each phase of rising, the clinician can form hypotheses regarding what strategies a particular patient is capable of using and can begin to interpret the reasons for choice of strategies. Specifically, the clinician can estimate how far posterior the CoM is when the patient lifts off from the chair seat. The clinician can also estimate how long the patient remains in a condition of dynamic stability (phase IT). These estimates are based on how the trunk is positioned relative to the feet prior to lift-off.
Use of a momentum-transfer strategy appears to have several requirements. The patient must have adequate strength and coordination to generate sufficient upper-body velocity, and hence momentum, prior to lift-off from the chair seat. He or she must be able to use eccentric contractions to control trunk and hip musculature in order to slow the body's forward progression once lift-off occurs. Otherwise, the patient may fall forward during the momentum-transfer phase, which is one of dynamic stability. Finally, lower extremity joint integrity and strength must be adequate for the extension component of rising, which requires good concentric muscle control.
Patients may use a variety of alternative strategies to compensate for losses of any of these capabilities. The clinician can attempt to understand which impairments determine the specific strategy used. Is there loss of ability to generate initial momentum for phase I? If the patient pulls his or her body forward using the arms during phase I, is he or she unable to generate adequate momentum with the trunk and hip flexor musculature, or is the patient attempting to increase the upper-body momentum above what would normally be used in order to compensate for lower extremity dysfunction? If a patient does not use a momentum-transfer strategy, is it because he or she has inadequate eccentric control of trunk and hip extensor musculature for dynamic stability in phase II? Are there other balance impairments that preclude the patient from remaining in a dynamically stable situation for phase II? These are only a few examples of the types of questions clinicians might ask in attempting to interpret the strategies patients use as they rise to a standing position.
Once the clinician has formed good hypotheses regarding what strategies a patient can use and why, he or she is in a position to jusufy an intervention strategy. Some patients' impairments can be corrected; other impairments should be compensated for with appropriate alterations of strategy or with assistive devices. For example, appropriate strengthening or coordination retraining can be used to assist the patient in the task of rising from a chair. Appropriate chairs or assistive devices should be used to protect the joints of the lower extremity, if controlled coordination and strength cannot be feasibly achieved, given the nature of the patient's impairments. Analysis of each phase of the task of rising can assist the clinician in making the most appropriate decisions regarding intervention.
Comparison of Results of Thls Study wlth Results of Other Studles
Some results of this study can be easily compared with results of other studies, and some results cannot be compared because of the various conditions under which rising from a sitting position to a standing position has been investigated. Work from a number of laboratories demonsmtes that the dynamics of rising from a sitting position to a standing position are affected by conditions under which the task is carried out, including position of the lower extremities,6Jl chair height,7J1 and speed of rising.8.11
This study emphasized highly controlled conditions. We devised a system to characterize rising from a sitting position in a reproducible fashion so that we could later analyze d8erences between individuals with and without pathology.1 We are currently using this system to characterize changes in patients over time following surgical or rehabilitative intervention. We have therefore developed a system and protocol whereby demands of the task can be incrementally increased to an individual's b i o mechanical tolerance.19 In order to carry out such studies, it is critical to have a methodology in which the variables of the task are controlled.
Our unpublished analysis of repeatability of performance discussed prePhysical TherapyNolume 70, Number 10/0ctober 1990 viously indicated that subjects perform the task of rising from a chair under the conditions described in this study in a similar fashion across multiple trials. Total time to accomplish the first three phases of the task was considerably longer than the expected 1.2 seconds. The prolonged time for rising appears to be an artifact resulting from our demarcation of the end of phase 111. There was a considerable period during which hip-extension velocity decreased but did not quite reach OO/sec. This period did not seem visible to the eye. We are currently exploring an alternative demarcation for the end of this phase.
Conditions for this study were based on preliminary observations of healthy individuals and patients with knee replacement performing the movement of rising from a chair. The conditions were intended to be within the range of typical performance characteristics for this task. We intended to control enough variables to achieve acceptable repeatability of performance but not to constrain the motion more than necessary. For this reason we did not constrain initial trunk or head position, nor did we direct the participants regarding their head position during the task.
We chose to preclude use of the upper extremities to generate upperbody momentum separately from the trunk for several reasons. First, we wanted to emphasize the role of the trunk in the dynamics of this task. Second, it would have been difficult or impossible to control the extent to which different individuals used the upper extremities as distinguished from the trunk. By contrast, it was easy to have all subjects combine upper extremity movement simultaneously with trunk movement. Finally, we have observed that healthy individuals frequently d o not use the upper extremities separately from the trunk in rising to a standing position under normal daily conditions. Thus, we did not need to specifically malyze the arms in our data analysis as they moved with the trunk. They were, of course, still a factor in rising.
Some aspects of our data can be compared with those of prior investigators. For example, hip, knee, and ankle motion and hip and knee torque were generally comparable to those values reported by Rodosky et a17 for subjects rising from a chair at 80% of knee height. However, our results differ slightly from those of Rodosky et a17 in that our subjects did not need to scoot forward on the chair seat prior to initiating the rising activity. It was more difficult to compare our results directly with those of Nuzik et all or Burdett et al.12 These investigators did not control chair height in relation to knee height. It is evident that rising from a chair is markedly affected by chair height, foot position, and rising speed.7.8JlJ2
Our finding that maximum hip and knee torques occurred very near the time when the buttocks were lifted from the chair seat is consistent with data of Kelley et al.20 This finding is to be expected because the individual is becoming weight-bearing while the CoM of the body is nearing the maximum forward position over the support foundation.
Summary
Coming to a standing position from a seated position is one of the essential functional activities of daily life. Rising to a standing position under controlled conditions can be used to define and increase our understanding of this important activity. This study extends the observations of other investigators'-l2 who have characterized rising to a standing position from a sitting position. Under the conditions of this study, we have defined four phases of rising to a in combination with specific muscles. The forces acting on the body (as indicated by torque) reach their maximum level during this phase.
This quantitative characterization of rising can facilitate identLfylng and interpreting underlying impairments of individuals who have daculty in standing from a sitting position. An understanding of the several phases of rising can aid the clinician in developing detailed, objective grades for each of the phases and for the overall activity. This specific objective analysis of the rising task can further the clinician's ability to interpret causes of a patient's disability for this activity. Some patients have impairments that will preclude following the specific strategy outlined in this anicle. Then, using the techniques emphasized in this study, clinicians may propose, analyze, and evaluate new strategies as to ease of accomplishments and ergonomic consequences.
Schenkn~an and colleagues are to be commended for directing their efforts to study kinematic and kinetic characteristics of one of the fundamental tasks of daily life. We need to know as much atnut "righting" tasks that take us from one stable posture to another as we do about walking. The reason is that those who cannot rise to standing do not experience full physical independence.
This study was carried out using a biomeckianical framework. The application of biomechanics to the study of movement in our profession is so well accepted that it sometimes appears that this is the only scientfic way to a.pproach movement analysis. Two attributes of the biomechanical approach to movement analysis are the precise detail of description that can be achieved and the computer technology that is available to support this method of analysis. Measuring forces and displacements, and then computing velocities, accelerations, and kinetic consuucs such as momentum, provide us with increasingly precise and complex descriptions.
Schenkman and colleagues have extended our knowledge of this task by identifying additional components of the rising task that had not previously been delineated. This additional information was derived from their use of a platform that enabled measurements of force that could be used to calculate momentum. One of the interesting aspects of this work is the identification of what the authors term "phase 11," which begins when weight is transferred from the buttocks to the feet and momentum carries the center of mass of the body forward. The breaking down of the movement into additional phases adds an element to our understanding that had not previously been described.
This new knowledge, however, is achieved at some expense, which I feel limits the generalizability of the authors' findings. When numeric expressions of force, displacement, and time are available at high sampling rates, the magnitude of the data generated requires a process of averaging, or "smoothing," the information. Sophisticated motion-analysis systems include software that carry out this process. The idea is to generate a representation of the movement pattern. Mathematical procedures are used to eliminate variability. Variability between and within subjects is considered "noise," o r error in the measurement. This variability is minimized to identlfy the true signal in the data, which theoretically is best represented by average values.
My concern with this study lies with the processes that were used to smooth the data, which I believe began before the subjects were even seated in the chair. The subjects were all young adults who were consistent performers across trials of a task when compared with younger and older individuals.'-3 The chair was adjusted or normed to the subjects' leg length, and the back was removed. People and chairs come in different sizes, and, as the authors point out, the literature demonstrates that relationships among chairs and people contribute to variability in the sit-to-stand movement. The subjects' arms were crossed in front of the body, and they were asked not to use them. Although this process reduces variability, it also restricts natural arm movement that has been reported as characteristic of young, adult subjects.4 Furthermore, by not including measures of arm action, the authors strayed from what I would consider a description of whole-body movements in this task and may have wandered into the realm of relatively uncommon performance within the sit-to-stand task. Few people rise with the arms crossed in front of the body.
The subjects' feet were placed a set distance apart. This process, although ensuring the subjects' feet were on the force platform and adding "control" and consistency that will later allow comparison across studies, also gets rid of natural variability in the starting position, a factor demonstrated by Wheeler and colleagues5 to vary with age.
Despite the relative consistency of young adults when asked to perform multiple trials of a task, as a group adults demonstrate a high degree of interindividual variability. Kelley et al, 6 in their study of 6 subjects, commented on the across-subject variability in the rising pattern. Their subjects were able to use the upper extremities in performance of the task, and they identified shoulder and hip flexion as two sources of variability in the rising pattern. When Nusik et al7 reported the results of their study of the sit-to-stand movements of more than 50 subjects, variability in movement patterns was again noted across subjects. I would suggest that the expressions of variability are just as informa- Some researchers have chosen to investigate: performance of a task in order to make comparisons between groups of individuals or of the same individual over a period of time.
Author Response
Wheeler et a17 and Ikeda and colleagues (E Ikeda, M Schenkman, PO Riley, RW Mann, WA Hodge; manuscript in review) have applied this approach to the functional task of rising from a sitting position to a standing position. When analysis of human movement is used to make comparisons, we believe it is essential that the task or activity be explicitly described and adequately controlled in order to ensure reproducibility.
Each approach makes a distinct contribution to our knowledge of human movemc-nt. These approaches are furthermore complementary. For example, our analysis of momentum transfer in the sit-to-stand activity permits us to define the biomechanical components of the task. Hence, we can infer which impairments might preclude use of the strategy. We can also interpret the reasons for the many strategies of motion performance described in studies such as those of VanSant and colleague^.'^^ Our study was motivated by two of these three purposes. First, we wanted to establish a baseline for subsequent comparisons among individuals as they performed the sit-to-stand activity under controlled conditions. Second, we wanted to make this a quantified biomechanical analysis of a particular movement strategy by combining precise threedimensional kinematic data with foot-floor forces. We therefore needed to use a controlled protocol.
Some of Dr VanSant's specific concerns relate to smoothing and averaging of the data. First, we contend that variability within and between subjects is not noise and therefore was not "smoothed out" by our processing techniques. Noise is spurious, unwanted additions to the true signal, which must be mitigated by techniques that engineers refer to as "smoothing" or "filtering."8 We used high sampling rates to reduce the need for smoothing. The authenticity of kinematic data is enhanced, rather than diminished, by use of a high sampling rate. Averaging is a separate issue. We chose not to average our subject data because we did not want to lose subject-to-subject or trial-totrial variability. By reporting frequencies of key events achieved during all 18 trials, we described the variability that occurred.
Another concern of Dr VanSant related to our choice of protocol. The highly controlled protocol with a uniform group of subjects maximizes the likelihood of achieving a consistent performance of the sit-to-stand activity. As described in our article, the variables we controlled have been shown, by previously reported investigations, to alter performance of the sit-to-stand task. The results of this study, and those of a companion study,5 illustrate the consistent kinematic and kinetic performance of the subjects who carried out this task. The combined results of these two studies have allowed us to elucidate a biomechanical model of the sit-to-stand activity. Thus, we believe we have achieved one of our two purposes.
Having established our test-performance baseline, we were then able to address our second purpose, which was to make performance comparisons to the sit-to-stand activity under the conditions of this controlled protocol. To this end, we have completed a comparison of healthy young and older individuals (E Ikeda, M Schenkman, PO Riley, RW Mann, WA Hodge; manuscript in review) and are currently comparing the performance of patients with Parkinson's disease with that of healthy age-matched subjects. Our description of the biomechanics of this activity (presented in this article and in the companion study5) provides us with the necessary basis for such comparisons.
To increase the generalizability of our investigations, we have also systematically varied some of the conditions under which subjects come to a standing position. For example, we have begun to study the influence of chair height, initial foot position, and speed of rising9 and are currently completing this investigation.
The sit-to-stand activity, as investigated in our article, has defined the necessary model for making objective, quantifiable comparisons between subjects. Through qualification of the kinematics and dynamics of the sit-tostand activity, the laws of physics and mechanics can be applied to elucidate reasons for all of the limb-segment combinations of motion that investigators such as Dr VanSant have described.
In summary, this study should be read and interpreted from the perspective in which it was intended. Our motivation was to characterize an important, commonplace movement in such a way as to allow a biomechanical quantification of the task. This perspective precludes the use of our results to describe all possible strategies for rising from a chair. Our work does, however, allow us to use laws of mechanics and physics to interpret other descriptions of rising from a chair. Furthermore, our work allows us to make objective biomechanical comparisons between groups of individuals.
